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均溅射速率（𝐴𝐴𝑅(𝑍𝑛) = 1.3 𝜇𝑚/𝑝𝑢𝑙𝑠𝑒）和深度分辨率（𝛥𝑍(Zn) = 2.4 𝜇𝑚）均
为微米水平。为了进一步优化该项技术的深度分辨率，我们引入飞秒激光，并对
比了两种激光模式（纳秒和飞秒激光）下的深度分析能力，结果表明飞秒激光电
离飞行时间质谱获得的溅射速率（𝐴𝐴𝑅(𝑃𝑑) = 55 𝑛𝑚/𝑝𝑢𝑙𝑠𝑒）和深度分辨率
（𝛥𝑍(𝑃𝑑) = 310 𝑛𝑚）均比纳秒激光优越了一个数量级；此外该项技术不仅可以
应用于导体薄层样品的深度分析，还可实现对非导体薄层的深度分析。 
2、二维元素分布分析 
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系统对自制的四种高纯金属粉末（Cr、Fe、Ni 和 Cu）混合压片样品进行 3D 元
素成像，并获得了 50 μm 的横向分辨率和 7 μm 的深度分辨率，验证了该方法的
可行性；之后，我们又将其应用于南丹铁陨石的 3D 元素成像，并获得 10-6 g/g 的
检出限和 6 个数量级的动态范围。对陨石中的亲铁元素（Ni 和 Co）、亲硫元素
（Cu、Cr、V 和 Mn）和亲石元素（Li、Na、Mg、Al、K、Ca 和 Ti）的三维空
间分布研究发现，亲铁元素主要富集于金属相中，亲硫元素富集于硫化物中，而
亲石元素以硅酸盐包容物形式嵌在金属相中；另外在我们分析的立方体中三个非
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Abstract 
With the rapid development of material science, the traditional solution-based 
analytical strategy is difficult to satisfy the requirement of modern science, which is 
attributed to its shortcomings, such as tedious pretreatment for sample, ease to be 
contaminated, limited capability to get rough composition information etc. Considering 
these, developing a method with the capacity to directly analyze the solids is receiving 
increasing interest in analytical chemistry. 
An in-house-built buffer-gas assisted high irradiance laser ionization time-of-flight 
mass spectrometry (LI-TOFMS) has been proved to be an excellent technique for direct 
solids analysis. Its application fields include conductive sample, semi-conductive and 
nonconductive one. And it is able to rapidly determine almost all elements 
simultaneously, including non-metal elements. Moreover, it is capable of performing 
semi-quantitative analysis without the requirement of calibration by standards, which 
is vital within the direct solids analysis due to the rarity of matrix matched solid 
standards. In this dissertation, the study of the composition spatial distribution on the 
actual solids, which includes one-dimensional, two-dimensional and three-dimensional 
elemental distribution analysis were performed using LI-TOFMS. The brief 
introduction of these three sections were demonstrated as follows: 
1. One-dimensional elemental distribution analysis 
This sectional study demonstrates that the homogeneous crater and uniform ablation 
is vital for the depth profiling of coating, which can be achieved by a beam expander 
and an aperture. Firstly, the depth profile of single layer and multilayer samples was 
carried out by nanosecond laser ionization time-of-flight mass spectrometry (ns-LI-
TOFMS). But both of the average ablation rate (𝐴𝐴𝑅(𝑍𝑛) = 1.3 𝜇𝑚/𝑝𝑢𝑙𝑠𝑒) and the 
depth resolution (𝛥𝑍(Zn) = 2.4 𝜇𝑚) were in the range of micrometer. In order to 
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was introduced to compare with the nanosecond laser. The compared results indicate 
both the average ablation rate ( 𝐴𝐴𝑅(𝑃𝑑) = 55 𝑛𝑚/𝑝𝑢𝑙𝑠𝑒 ) and depth resolution 
(𝛥𝑍(𝑃𝑑) = 310 𝑛𝑚) by fs-LI-TOFMS were one order of magnitude better than ns-LI-
TOFMS. Moreover, not only the conductive coating but also the nonconductive one can 
be analyzed. 
2. Two-dimensional elemental distribution analysis 
This sectional study demonstrates the capacity of two-dimensional imaging basing 
on buffer-gas assisted high irradiance femtosecond laser ionization time-of-flight mass 
spectrometry (fs-LI-TOFMS). The 2D mapping on the cross-section of the ancient 
celadon, present by elemental distribution in glaze-transition-porcelain body, was 
carried out to explore the formation mechanism of the transition layer between 
porcelain body and glaze. Additionally, the composition characteristics of the porcelain 
body as well as glaze from Yue kiln in different cultural eras (Tang Dynasty, Five 
Dynasties, Song Dynasty and contemporary era) were revealed. 29 elements in the 
porcelain body and 25 elements in the glaze were detected. The elements Fe and Ti of 
porcelain body and Ca, P, Mn and Mg of glaze were considered as characteristic 
elements to classify the porcelain among different cultural eras, even for the 
discrimination of the counterfeits from contemporary era. Moreover, elemental 
composition of celadon body and glaze from the Yue kiln and Yaozhou kiln were 
compared for further exploring the raw material and firing technologies of porcelain 
between Southern and Northern kiln.   
3. Three-dimensional elemental distribution analysis 
This sectional study combines the two previous works, depth profiling and 2D 
imaging, and develops the ability of three-dimensional imaging using fs-LI-TOFMS. A 
self-prepared disc mixing four high purity metal powders of Cr, Fe, Ni and Cu, was first 
introduced to validate the feasibility of the 3D imaging by this technique with a lateral 
resolution of 50 μm and a depth resolution of 7 μm. Then, 3D imaging was performed 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
